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The invention relates to a method of selectively 
providing a pattern of a material other than glass 
on a glass substrate by electroless metallization, 
the pattern and the glass substrate being brought 
into contact with an aqueous Pd sol after which the 
pattern is metallized in an electroless metallization 
bath. 

Such a method is used in, for example, the 
manufacture of electro-optical display devices in 
which a substance is present between two glass 
substrates, which substance is subject to an opti- 
cally perceptible physical change under the influ- 
ence of an electric field. In such devices, transpar- 
ent electrodes are present on at least one of the 
substrates, the second substrate may also be 
transparent and provided with transparent elec- 
trodes. A known display device of this type is, for 
example, an LCD cell. In the case of such a cell, a 
liquid-crystalline medium is present between two 
parallel glass plates. Transparent electrodes are 
provided on the sides of the glass plates facing the 
medium, said electrodes generally consisting of a 
semiconductive metal oxide such as indium-lll-ox- 
ide and tin-IV-oxide. Such layers, which generally 
have a thickness of approximately 150 nm, can be 
provided on the glass plates by sputtering or vacu- 
um evaporation. Such layers can alternatively be 
provided by Chemical Vapour Deposition or by 
hydrolysis and pyrolysis of a corresponding metal 
compound. At present, preferably, layers of indium 
oxide doped with tin oxide are used, which are 
generally referred to as ITO. The desired electrode 
pattern can be obtained by etching the ITO layer 
according to a pattern. Alternatively, the electrodes 
can be directly provided on the glass according to 
the desired pattern, for example, by vacuum evap- 
oration or sputtering according to a pattern using a 
mask. 

The electrodes of such a display device are 
connected, via conductor tracks which also consist 
of ITO, to contact faces, also consisting of ITO, in 
order to electrically connect the electrodes to the 
drive of the display device. For this purpose, ICs 
can be secured to these contact faces. However, a 
properly adhering electric connection between the 
ICs and the contact faces of ITO cannot be ob- 
tained directly by soldering nor in any other way. 
To obtain a properly adhering electric connection, 
the surfaces serving to establish the electric con- 
nection and the parts of the conductor tracks which 
form the connection between the contact faces and 
the actual electrodes must first be covered with a 
metal coating. Said metallization also serves to 
reduce the electric resistance in situ. A suitable 
method of metallizing ITO consists in immersing 
the portion to be plated in an electroless metal- 
lization bath. This requires the previous activation 
of the portion to be metallized in an activation 



treatment. A customary activation treatment for an 
electroless metallization process consists in suc- 
cessively immersing SnCb. AgN03 and PdCb in 
aqueous solutions. The Pd nuclei formed on the 

s surface catalyse the electroless metallization pro- 
cess. A disadvantage of such an activation treat- 
ment is that, in general, only the glass is provided 
with Pd nuclei, not the ITO. As a result thereof, 
only the glass substrate is metallized in a subse- 

10 quent metallization process. 

United States Patent Specification US 
4,824,693 discloses a method of selectively depos- 
iting ITO tracks on a glass substrate in an elec- 
troless metallization process. To activate the ITO 

15 surface, the substrate is immersed in a colloidal Pd 
solution which has been obtained by mixing SnCb 
and PdCb solutions. The activating solution ob- 
tained contains a sol of metallic Pd particles which 
are stabilized by a Sn* outer sheath. Since such 

so Pd particles also activate the glass, the glass has 
to be deactivated before carrying out the elec- 
troless metallization process. Deactivation takes 
place in an aqueous solution of hydrogen fluoride 
(HF). 

25 A disadvantage of the known method is that it 

requires additional processing steps, i.e. a deac- 
tivation step in a HF solution and an associated 
rinsing step. A further disadvantage of deactivation 
using a HF solution resides in the fact that the 

30 glass substrate is attacked and/or underetching of 
the ITO tracks takes place. Yet another disadvan- 
tage of the known method is the poor adhesion of 
the electrolessly deposited metal layer to the ITO 
tracks. 

35 It is an object of the invention to provide, inter 

alia, a universal method of selectively metallizing 
patterns of, inter alia, ITO relative to glass in fewer 
process steps than in the known method, in which 
inventive method no HF is used and the metal 

40 layer obtained bonds very well to the pattern. 

According to the invention, this object is 
achieved by a method as described in the opening 
paragraph, which is characterized in that Pd sol is 
stabilized by using a water-soluble polymer. In this 

4s connection, a sol is to be understood to mean a 
colloidal dispersion of Pd. It has been found that a 
Pd sol which is stabilized with such a polymer 
does not activate the glass, but it does activate 
other materials such as metals, for example Pt, Ni 

so and Si; metal oxides such as tin oxide, indium 
oxide, ITO, Ti02 and AfeOs; metal nitrides such as 
AIN and SiaN«; semiconductor materials such as 
GaAs, GaSb, InSb and polymers such as photores- 
ists. A separate deactivation step using a HF solu- 

ss tion and an associated rinsing step are superfluous. 
In this connection, it is alternatively possible to use 
quartz, quartz glass and glass ceramic such as 
Macor™ instead of glass, because these materials 
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are not activated either by a polymer-stabilized Pd 
sol. Pd sol can be prepared by adding a suitable 
reducing agent such as H3PO2 and dimethyl 
aminoborane to an aqueous HCI-containing solution 
of a Pd sol such as PdCb, Pd nitrate and Pd 
acetate, said solution also containing a water-solu- 
ble polymer such as polyvinyl alcohol (PVA) or 
polyvinyl pyrrolidone (PVP). In this manner, a 
largely monodisperse Pd sol is obtained whose Pd 
particles have an average diameter of approximate- 
ly 4 nm. Steric hindrance of the polymer molecules 
precludes flocculation of the Pd particles. Without 
the addition of the polymer, the Pd sol is stable for 
maximally 30 minutes after which the Pd particles 
are flocculated and the catalytic activity has disap- 
peared. 

Using PVP as the polymer yields a mon- 
odisperse Pd sol whose particles have a diameter 
of 2.5 nm. It has been found that a Pd-PVP sol is 
more stable than a Pd-PVA sol, so that the first- 
mentioned sol has a longer useful life. By virtue of 
the better stability of the Pd-PVP sol, a stable, 
concentrated stock solution can be prepared which 
can be diluted, for example 10x, for use. A further 
advantage of PVP relative to PVA is the reduced 
degree of foaming of the nucleating solution. It has 
also been found that a Pd-PVP sol can be rinsed 
off a substrate more easily than a Pd-PVA sol. 
Preferably, PVP having an average molecular 
weight M w of approximately 10,000 is used (for 
example K-15 from Fluka). Such a relatively low 
molecular weight yields a high density of the Pd 
nuclei on the substrate surface. 

The method according to the invention pro- 
vides a universal process of selectively depositing 
all kinds of materials other than glass on a glass 
substrate by metallization. The method according 
to the invention enables ITO tracks to be uniformly 
covered with Pd nuclei and, subsequently, metal- 
lized in an electroless metallization bath. In this 
process, the glass substrate is not activated and, 
hence, not metallized. 

All the known baths can be used as electroless 
metallization baths, for example electroless copper 
or cobalt baths. Preferably, an electroless nickel 
bath is used. All known electroless nickel baths can 
be used, for example glycine, succinate, 
pyrophosphate and commercially available baths 
such as Enlyte 512 and 514™, Shipley 65™ and 
Niposit 468™ . Besides a nickel salt, such a bath 
always comprises a reducing agent such as a 
hypophosphite or dimethyl aminoborane. Often, 
stabilizers such as sulphur compounds or lead 
salts are present to preclude the spontaneous de- 
position of nickel. 

The method according to the invention is very 
suitable for the selective activation of ITO patterns 
on glass such as they are found in LCD cells and 



screens for liquid crystal television (LCTV). 

If desired, the nickel layer can be gold-plated 
by means of an electroless gold bath, thereby 
rendering the plating extremely suitable for the 
s provision of connections with electrical components 
such as driving elements, for example by solder- 
ing, ultrasonic welding, thermocompression or by 
using conductive adhesives. 

The invention will be explained in greater detail 
10 by means of exemplary embodiments and with 
reference to an accompanying drawing in which the 
sole Figure is an elevational view of a liquid cry- 
stalline display device (LCD). 

15 Exemplary embodiment 1 . 

A polymer-stabilized Pd sol suitable for use in 
the method according to the invention is prepared 
as follows. A quantity of 0.6 ml of a PdCI 2 solution 

20 comprising .10 g/l of PdCI 2 and 350 ml/1 of con- 
centrated hydrochloric acid in water is diluted with 
34 ml of demineralized water. A quantity of 5 ml of 
a 0.2 wt% polyvinyl alcohol (PVA) solution is added 
to this solution, the PVA having an average molec- 

25 ular weight of 106,000-110,000 and being 98% 
hydrolysed. Subsequently, 1 ml of a 0.625 molar 
H3PO2 solution is added while stirring. After ap- 
proximately 50 seconds, the colour of the solution 
changes from yellow via brown to black, which is 

30 caused by the Pd particles formed. The activating 
solution formed is kept under a nitrogen atmo- 
sphere to preclude oxidation of the Pd particles by 
atmospheric oxygen. 

Borosilicate glass plates provided with rectan- 

35 gular ITO patterns having dimensions of 100 x 70 
urn and a thickness of 1 50 nm are used as the test 
substrate. The rectangles are interconnected by 
ITO tracks having a width of 1 5 um and a length of 
30 um. The square resistance of the ITO is 25 Q. 

40 The test substrates were degreased with an 

aqueous solution containing 20 g of sodium glu- 
conate, 25 g of sodium hydroxide and 3 g of 
Tensachex™ (moistening agent) per litre of said 
solution. 

45 After rinsing with demineralized water, the test 

substrates are immersed in the above-mentioned 
activating solution of PVA-stabilized Pd sol for 4 
minutes. Surface analysis by TEM (Transmission 
Electron Microscopy) shows that the Pd particles 

so obtained have an average diameter of approxi- 
mately 4 nm. The maximum diameter is approxi- 
mately 10 nm. A spectrum obtained by XPS (X-ray 
Photo-electron Spectroscopy) shows Pd peaks 
originating from Pd particles on the ITO, while the 

55 treated glass surface exhibits no Pd peaks. This is 
indicative of a selective nucleation of ITO relative to 
glass when a polymer-stabilized Pd sol is used. 
Following the activation treatment, rinsing with 
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demineralized water takes place again after which 
the activated test substrates are introduced into an 
electroless nickel bath containing 20 g/l of NiCb, 
16 g/l of sodium succinate, 10 g/l of sodium hypo- 
phosphite and 2 g/l of sodium acetate in water. The 
nickel bath is acidified with" HCI to a pH of 4.5 and 
has a temperature of 70 * C. A nickel layer having a 
thickness of 0.6 urn is formed on the ITO patterns 
and tracks in approximately 9 minutes. No nickel is 
deposited on the glass. The adhesion of the nickel 
layer obtained is excellent and meets the require- 
ments of the so-called tape-test (3 M™ adhesive 
tape), even without the frequently applied thermal 
treatment of the nickel layer. 

Selective metallization of the ITO patterns and 
tracks relative to glass also occurs when other 
electroless nickel baths are used, such as baths on 
the basis of glycine (pH = 3.9) and alkaline nickel 
baths. The same result is also obtained when com- 
mercially available electroless nickel baths such as 
Enlyte 512™ (pH = 4.6), Shipley 65™ (pH = 4.9) 
and Enlyte 514™ (pH = 9) are used. In all these 
baths a hypophosphite is used as the reducing 
agent. An example of a bath having dimethyl 
aminoborane as the reducing agent is Niposit 
468™ (pH = 7.3) from Shipley. Like the above- 
mentioned electroless nickel bath, the last-men- 
tioned bath also provides a selective deposition of 
nickel on the ITO, with an adhesion which meets 
the requirements of the above-mentioned tape-test. 

Comparative example. 



The above-mentioned test substrates are deg- 
reased in the manner described hereinbefore and 
activated with a Sn-Pd sol as described in the 
above-mentioned United States Patent Specifica- 
tion US 4,824,693. After rinsing with demineralized 
water, the glass surface is deactivated by immers- 
ing the test substrates in a 1 wt% HF solution in 
water for 2 minutes. Next, the test substrates are 
rinsed again with demineralized water. Subsequent- 
ly, the test substrates are immersed in the ab- 
ovementioned electroless nickel baths. Using this 
pretreatment process, only the reactive nickel bath 
on the basis of pyrophosphate (pH = 11) leads to 
metallization of the ITO surfaces; with the other 
baths no metallization is observed. Besides, the 
adhesion of the nickel layer obtained in the 
pyrophosphate bath is of a poor quality: in the 
tape-test the entire nickel layer is pulled off the 
ITO. Apparently, the Sn-Pd sol nucleation of ITO is 
very mediocre. 

Exemplary embodiment 2. 



The Figure shows one of the sides of an LCD 
having electrodes of transparent ITO on a glass 



plate. The display exhibits nine symbols, each of 
them consisting of seven segments (1 up to and 
including 7), which can be used to form the digits 1 
up to and including 9 and 0. Each segment is 

s connected to a contact face (21 up to and including 
27) by means of a narrow ITO-conductor track (11 
up to and including 17). All contact faces and the 
conductor tracks in the area ABCD are coated with 
a nickel layer according to the inventive method by 

10 immersing said area in a PVA-stabilized Pd sol 
before carrying out the electroless nickel-plating 
process. 

Exemplary embodiment 3. 

»s - 

A quartz-glass plate having rectangular Pt pat- 
terns with dimensions of 100 x 100 wn and a 
thickness of 50 nm is treated in accordance with 
the method of exemplary embodiment 1 . An ex- 

20 cellently adhering nickel layer is formed on the Pt 
pattern. The quartz glass is not metallized. 

Exemplary embodiment 4. 



25 A borosilicate-glass plate having rectangular 

Si3N* patterns with dimensions of 100 x 100 um 
and a thickness of 13 nm is treated in accordance 
with the method of exemplary embodiment 1. An 
excellently adhering nickel layer is formed on the 

30 Si3N4 pattern. The glass substrate is not metal- 
lized. 

Claims 

35 1. A method of selectively providing a pattern of 
a material other than glass on a glass sub- 
strate by electroless metallization, the pattern 
and the substrate being brought into contact 
with an aqueous Pd sol after which the pattern 

40 is metallized in an electroless metallization 

bath, characterized in that the Pd sol is stabi- 
lized by using a water-soluble polymer. 

2. A method as claimed in Claim 1 , characterized 
45 in that polyvinyl alcohol is used as the poly- 
mer. 

3. A method as claimed in Claim 1 , characterized 
in that polyvinyl pyrrolidone is used as the 

so polymer. 

4. A method as claimed in Claim 3, characterized 
in that the weight-averaged molecular weight if 
the polyvinyl pyrrolidone is approximately 

S5 1 0,000. 

5. A method as claimed in Claim 1, 2, 3 or 4, 
characterized in that a metal oxide is used as 
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the material of the pattern. 

6. A method as claimed in one of the preceding 
Claims, characterized in that indium-tin oxide 

is used as the metal oxide. s 

7. A method as claimed in Claim 6, characterized 
in that metallization takes place in an elec- 
troless nickel bath. 

10 

8. A method as claimed in one of the preceding 
Claims, characterized in that a device is manu- 
factured which is based on a glass substrate 
having indium-tin oxide tracks. 

9. A method as claimed in Claim 8, characterized 
in that the device is an LCD cell. 
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© Method of selectively providing a pattern of a material other than glass on a glass substrate by 
52 electroless metallization. 

<SJ © By virtue of an activating pretreatment with a 
"■St" polymer-stabilized Pd sol, patterns, such as trans- 
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m polyvinyl alcohol is used as the polymer. 

Q_ 

LU 



Rank Xerox (UK) Business Services 

O.09/3.6/3.3. 1) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Aepficatkn Number 

EP 92 20 1629 
PAGE1 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dw ami at with indicaciMia wbu c appropriate*, 
of I - 



Relevant 

to I 



CLASSIFICATION OF THE 
APPLICATION qm. CL5 ) 



P.Y 



P,A 



DE-A-4 112 859 (LICENTIA PATENT 
VERWALTUNGS-GMBH) 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 546 (C-661)(3894) 6 December 

1989 

& JP-A-01 222 063 ( TODA K0GY0 CORP ) 5 
September 1989 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 14, no. 453 (C-764)28 September 1990 
& JP-A-02 179 881 ( TODA K0GYO CORP ) 12 
July 1990 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 15, no. 478 (C-891)4 December 1991 
& JP-A-03 206 173 ( TODA K0GY0 CORP ) 9 
September 1991 

* abstract * 

DATABASE WPIL 
Week 9043, 

Derwent Publications Ltd., London, GB; 
AN 90-323392 

& JP-A-02 229 268 (NICHIBI KK) 12 
September 1990 

* abstract * 

DATABASE WPIL 
Week 8937, 

Derwent Publications Ltd., London, GB; 
AN 89-266492 

& JP-A-01 192 348 (SUGAN0 Y) 2 August 1989 

* abstract * 

-/~ 



1-3,5-9 



1-2.5-9 



1,3,5-9 



1-3,5-9 



1-9 



1-9 



The present search report bas been aim ap for all daima 



C03C17/10 

C03C17/23 
C03C17/36 
G02F1/1333 
HO 1L2 1/3205 
H01L31/18 



TECHNICAL FIELDS 
SEARCHED (fan. CLS ) 



C03C 
C23C 
G02F 
H01L 



BERLIN 



MufoqUMifllai 

12 NAY 1993 



KUEHNE H.C. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If takes stone 

Y : aartlcolarljr rdannt If eombtnaa wttfi inotbar 

cocoatDt of toe aaiae category 
A : technological badtgrofme 
O : dod-wiIUcu e ltfhvm l* 
P : iBtermeelxte eocoaait 



T : theory or arhkdple anacrlytog the InwntlDo 
E : earlier patent ■oeoncot, but pabBxbco on, or 

after the flUagaata 
D : eocmeent due Id the application 
L : forewent die* for otbar reasons 



* : maitcr of the same patent fatally, 



expending 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 92 20 1629 
PAGE2 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
D 



Citatian of document with indication, when appropriate, 
of relevant p amag e » 



DATABASE WPIL 
Week 8742, 

Derwent Publications Ltd., London, GB; 
AN 87-295891 

& JP-A-62 207 875 (AGENCY OF IND SCI TECH) 
12 September 1987 

* abstract * 

EP-A-0 279 432 (GRAETZ GMBH) 

* the whole document * 
& US-A-4 824 693 



Relevant 



1-9 



1-9 



CLASSIFICATION OF THE 
APPLICATION Oat. CtS) 



TECHNICAL MELDS 
SEARCHED (Int. CI. 5 ) 



The present search report has been drawn up for all daim* 



Raca*fM-*tk 


DH tt i ilililln «f U» aawa 




BERLIN 


12 MAY 1993 


KUEHNE H.C. 



CATEGORY OF CITED DOCUMENTS 

X : parucnltrly rdannt if taken Hone 

Y : partlcBlarl v nicnat if combined with another 

coconut of the cum category 
A : tvcfanologtcal beckgroand 
O : ao a w ritt en clsdof on 
P : Interraetinta document 



T : theory or principle uiieerlying the tavaatioB 
E : earlier patent document, bat pabUibed oa, or 

after the filing date 
D : document died in the application 
L : document died for other raueea 



aber of the cuee patent faulty, cor m pn ndr ng 



THIS PAGE BLANK mm 



